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ABSTRACT

~nt~sevm pmetrations o cloudsfrommlt icegatan-
rengedetonationsWZYJcadsat m 20 to 78 nimtes *r
detonationand at altitudesrsnging IYom 20,0~ to 50,W feet. 15m3n

of thssepenetrationswm earUer than As mixxutesand 13emnmm esrMer
than 30 Idmlba.

Xedma radlat$ondose ratea aa high aa BOO rlhrm.- eneountereds“
andsemmal f’lfghtayiekiedtdal radiationdosesto theumv CIf15 r,
aa masured by fib badges,and 35 to @ r, an naasumd by instru=?mta-
tion more nensitivato lo~mr~ radiation.

It ma foundthat the avaragaradiation dose rati in tkeaushroom
0S the cloudfrom a 10Q-peroent-fiaslon-@dd detonationwouldb:

,.

Uhem: ~ = Average dose rata, rhr~
t = Mm aftardetonationsmiauteo.

Thinzwlationshipholds for tinasftm 3 b ~ 181ZZU*Safterdetonatim

TIM avaregodose rata in the stem of the cloud fim watersurface
bumte was foundte h less than the dose rate in the mushroomby a fac-
tor of fron five to tan. The radiationdose rate in the cloudis inde-
pendentof yield,but 18 pprtional to the ratio of fission*M to
t4tal@?dd.

In ● hightroppausema, a flightthrougha cloudfia a MO-
pmnt-fission-yl.eld multimgaton-rangewapon in a high-prfomance
airoraftmay b made at U,000 feet at a tinm of 20 mfnutisafterdeto-
nation. ‘lb averagemissiondose of thisflightwouldbe 25 r. At
30,(00 feet, ● penetrationof the stem of the cloudmay bs meda 09
early es 10 minutesafterdetonationvitha r~t~on doseof the sam

Ulagrdtude.

W dosegereceivedon the returnto base flightdue to contamin-
ationon tb aimraft (B-57B)was foundto be about15 prcent of the

&tel missiondose for fMghts bating about50 minutesafterthe cloud
pmetration.
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cHAPrER1

=DUCTION

1.1 ORTECTIVE

TIM objective of this projectwasb masum the radiation dose snd
dose rate one uouldexperiexein fl~ throughthecloudzwultlng
fmm a mgaton-rangewapm andso= factorsaffectingpraoncelsafety
Sa tb meat of an o~rationals;tuationmqulrlngfllghtsthroughsuch
Ozutada.

Spcifle Infomatba m soughton tb r~tion doseratislaside
tlncloud,tlmtdal dosexweived in fl@ng throughsucha cloud,the
titaldosemwived oa tb mmrn flightaf%srfl@ag throughthecloud,
d th4cOtiitiO~Of night IJ2SUS* chd.

ThisMoxmation is needed by t& operationalco~ of tlMAlr
Forcein theirplsnnhg * lnaum themst-effectivautilization,con-
●istintiilthcrewatiety,of drcraft la cloud ewease

L2 MCKUUJND AND~()~

_ %ration ~w~ the f-t significantdata on gsma dose
ratisulthlnatomiccloudsuezw collected. Tlsse am reportedIn Refer
enca 1. The data uezm collectedby droneaircraftflom throughthe
cloudsf20m-aponc rsngfngin yield d at tbs of
* 3 b 25 tiu%s afterdetonation.I!!fezwnce1 shows averagegmnna
doserateswithinthecloudto te of thaordem of ld r/hrfrom3 to
5 minutes aftardetonationsad350 r/hrat 20 Mutes sf’terdetmation.

Furthermeasurementsof gama doserateswithinatomiccloudsuere
madeIn @ration lJHDPXWIXOU andrepartedin Refennce 2. Gose-
rati-asuring instmxmntswm mountedin psrachuta-boz=ssctis+a~, aA
thedose-rateInstrumntipreviouslyusedby theNavalRadloloicsl

fDefenseLaboratory(NRDL)h *ration GREENHOUSE(Reference1 wem
noun@d in QF-80drone aircraft. Both the Canistersd the QF-so?s
wsed throughonly the head,or mshroom, of the cloudsresultiagfrom
us pensrangbg la size.
d

Doseratesof the orderof
1 r/brwm measuredfim 2 to 6 minutesafterdetonation.

A compilationof the G??2ENHCWSSand UPSHOT-Kl?Ol’HOIZan rage dose
ratesas a functianof t~ afterdetonationis presentedgraphicallyh
Reference2. ThesepotitsexealsoIncludedin Figure3.2 of thisre-
p%. Thetimeafterdetonationfor eachpointis theappmncimtetlm
afterdetonationat whichtheairplaneor canisterenteredthecloud.
A laast-aquamenalysiaof thedatashowd thatthebest-fitline had
tb equation:

U

.
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5-2.06
E=l.slxmt

(1.1)
.

~re: ~ : Averagedoserate,rb.
t = Tim af’brdetinattin,minutes. .

j

ConaUratlon of %ference 2 ledti thafollo~ ge=rdizatiom
uMeh wme usedas guidesin tha tiltialplsmiu of thisproject:(1)
lb dose rate In the cloudis relati-ly bdapebnt of ~Mo (2)
Uithina factor of two,theaveragedoeerati Im ● clod is givenby
Equatioa2.1o

The f-t mannedPenetiatzonsat earlyttis d%er detonattin
(17to Q minutes)wm de dmlng C@rationTEAPOT.Thesepenetration
wm madethruughcloudsfromweaponsrangingIn field.
32s avsrage dose rateh theoloudes mmared ddng Wse penetration
is showngra~~ In Fip 3.2-

The g- radiationdoserativlthlntlmatomiccloudrasult~ from
Hloton-r~ w apms has reoeivedtbomticd considerationIn Refer
●oss 3S 4$ s~ 4~ ~ T“ The outstsnd~ fea-s of many of tha* caJ.-
oulatlon8arethever@dgh gammadose ratespdhted forve~mu
tiresdueto Sma31cloudsizeendhighfission-pZ’Odwtconcentratio~

REST AVNLAW.E COPY
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CHAPX’ER2

mocEDuRE

2.1 O-ION

.

.

.

.

.

.

Uon dose rati,inte~ated dose,andcoditlonnof fli t wereflom “

-r--tlmugh thecloudsresultingfmm tkedetonation
Infield.

On thedaypador to a shot, U of the instmmntationwaschecksd
forpmpsr oparation,installedb theaircraft,andmdied for use.
The flightcmvs mm briefedon thedeslmd flight pattern,altitudes
and tlaas of penetrations,end forecast&velo@Bt charaotiristicsof
the cloud. Thesechmwteristics includedsize,stabilizationlmela,
enddrift.

AU hraft tookoff at pmdetemined tiresin orderto petit
Ppsr positioningat shottire. Aftartheshotvasfired,thecloud
w sumayedvisuallyby thedlmctor in the lead -raft. Positiom
HI times of penetrationverethen finalized. Penetrationsuam d
at lntixwaM of fmn 4 to 10 dnutes and at Y- altitudea~This
t- SpaC~ PetittedSOM Of the ~SadtS Of th fti8t ~XletrStiOIJSb
be urnd In plsnnhg the succeedingpenetrations.

Two typs of aaneuvm W- utilizedin thepenetrationphase. In
bothcasesthecloudvasapproachedIn straightend1o-1 flight. After
enteringthevisiblecloud,the piloteitherexmated a M+an&d M%
degreeturnandmadehiaefitor continuedon a straightcoursethrough
thecloud. Thet}p of maneumr to b enployedwas decidedpriorto the
~netrationnub !?ovaver,theaircmvswm briefedon emrgencypro-
ceduresuhichpemit%d changingfromthestraight+moughb the _
degxwe-turnmsneumr at theirdiscretionif excessivelyM@ dose rates
wre encountered.A doseratetvo tlms greaterthanthepredicteddose
ratevas coasidemdexcassive.Uponexitfroatb cloud,theaimraft
returnedta baseendtherecordsW= mmmsd Innmdlatelyfor analysia.

202 INSTRIDENTATION
—

Thefouo
?

Instrumentsanddevicesvene used to obtdn data for
this project: (1 KASC Mdel MU32 autimatic-mcordingradiatiowrate
mtir (P+kitar);(2) Bloscel(lM-111(XE-1)/UD)radiation-rateuster;
(3) s

Y
tronrsdlation-integratingdoslmtar; (4) @z-f lberdoair

eters %ndlx ?40dels619 ad 622) radiationintegratingdodmebr; (5)
NationalBureauof Standards(NBS)filmpacksradiatton-titegratlng
dosimtir;(6)Red-Safepersonnelfilmbadge,rsdlation-inte~atlng
dosimeter;(7) AN/PDR-39(T2B)radiation-ratemeter;(8)Intirvalomter;
and (9) @otqMuMIo

4
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T& 3a8ttw em not radiacdeticea,bt ~ inclubdIn t~ WC-
tlonfor convenience of presentation.A descriptionof each deviceis
gi=n below. AU radlatiorms tuwrlng devices mm callbra~dat m
-or to the *rat n.

Y
Theywm mcdibrated izztemlttentiyat the

taststtiuai.nga Co 0 source.

Z201 ISEC ModelW3 2 Auto~tic-PaCOFiiI&Y RwilatIon-kti~-r
(%~%tir). TheP-YaterwasdesignedendMlt ~ tbsUestCoastElsc-
tmdcs &boratiryof theUser Mrcrat%andElectmnlcstirporation
at PaloAl*, Cslifomia,undercontractwithad accordingto sJpctii-
cationsfumiskedby U ForceSpecial‘~apcuasGnWr (AFS’wc).sewn
cmpleteesseatUeswereprocured.Theeqtip=ntcon8istedof three
alrbonecorpcants(pIwbe,pouersupply,andco~resso~amplflier
mecordsrunit)d o~ nondr~= co~~nt (P~Y~k tit) ● A ‘Wk
@am shouingthemlationshlpof tkessunlticonstitutesFigure2.1.

Theentizwai.rbomassemblyvasmountedinth nosesectionof a
&57B. The i,nstnmsata van opratidby the 2S-vo2t drcraft pcnar
supply.TheIvlmsmcotiercouldbe startedmaaudlyat anyt- durx
thefllghtby =sns of a witch in the pilotts cmp-nt. It c-
elm be st.ar&dautomaticallyby we of the Intervalo=tersetting.
Oncetid on, It continuedto recorduntiltke ncotilng wire vas cm-
pletilyused (almt 2 l/2 hm) or ~tfl * P=r ~ -d offo

I- . ----- ------ --- 1
I r

0

I Wwe Blocking ! Gamma Power
: Recorder

~
Oscillator - Scintillation Probe

L J---- ---
a +150V

Recorder limeMarker +15C)V& +28v 28vdc
‘~N’’Control Ale 28V A/C %p@y
A/C 28v AIRBORNE UNIT

. w * *

Bristol
1

Integrating 4-Stage Wire
Chart Circuit Univibrat or ‘ Amplifier — Ployback

Recorder J Recorder

GROUND PLAYBACK UNIT
. +

Figure 2.Z Elock diegram of automatiarecordingradiationratemeter
(P%tir). ____.- ___. ... ..__.------_ ..___...-,..

b probewas the sensingekomt andconsistidof a Sclntllon(trade
mm usedby NationalMac Company)spkere,DuMmt 6292photomdtiplier
tube,enda regulatedvoltagedivideruithtaprature cozqxmsatlon.Tti
washousedIn a 2 l/2-tichdiutar slualnumtub havinga vail thickness
of 4/16tichwith an added0.01 inchof tin out.sidethebaisphericelend
thatcovexwdtheSclntilon.Theiasideof this hemispherewascoaiadwith
slncsulfideIn orderto enhancelorenerm xwsconseso thatsatisfactory

@ kevup U-1.3 ksv. “

u . .

.

.
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The compressor-ampl.ifierzwcozderunit rwceivedcurrentfrom (Le.,
suppliedelectronsto)tb p~be. h intensityof thisourrwntvaried
Uneuly viththedoserafa. This ourmnt Is suppliedby a catbode-
biased10WUU trlo& (CK6152)sndnsults h a log~ithmlevariationof
tb platevoltageof thistube. Thisplatevoltageis connectedto the
gridof a blocklngoaolllator(CK5703UA)througha highresistance. The
ftquenoy of tb hlookiagoscillatoris thusmade to vary as the log-
arithmof the dose rata, and afteramplificationthroughanotbr CK5703U&
theoutputis xssed on the recordinghead of the * recom3er.

The pouarsupplyconsistedof SIX 26A%(2Ttubesconnectedin psrsl-
lelso as to oscillateat about1,000cpswhen fed 28 voltifrom the
*raft pouarsupply. ~ out~t of thetubs is stroppedUp, mctifded,
andxwgulatedto resulth +150voltsfor W voltageIn thecompressor
smplLfie~mcoMr sad-1,000voltsfor the pbotomultipliertubein the
pzwbe●

The playbackuxdtconelstidof a playbackncorder of tb S- typ

as was usedfortakingdataduring‘@xkratlons. h frequeno~modulated
out~t of theplaybackunitwas amplified,Pulse-shaped,and integrated.
Thislmte~atad,S1OW4 VW dlxwctoument vasthenappliedto th
iaputof a a~ IZ-inch-stripchartxacozder(BristolModelM92).
A logarithmicpzwsentationof dose ratisfrom 1 r/hr * 5.000r/hrvss
given on thechart. Calibrationtestsat NBSusingCo@ haveindicated
an ovardl read-outaocuraoyof ~ 20 prcent overtherangefro=1 r/hr
to 2,CKWr/h.

2.2.2 BioscelRadAatlon-RataMstirQ ~ Bioscelwas designedand
builtby tlMEvansSignalLaboratory of theU. S. ~ SignalCorpsIn
aoootiexmwithspecificationsfurnishedby theM ForoeSpecial
I&aponsCenter(AFSW). l’ypdesignationlM-llJ{XE-1)/UDu- obtained
throughAmy channels.Wnty of these units uom prooured.M com
plateBioacelswzw Installedin eaohdrcraft withth senslmgelements
locateddirectlybehindM pilot~s seat. Dataobtainedvlthone in-
strumnt wm mcoxded by photographinga mmta metermountedIn the
photopsnel.The rwmti mtar fim thesecondInstruusmtuasplacedIn
thepilottsc~nt, aboveandto therightof the tistzmmntpanel.
Aa shownin Figure2.2,the Instrwmntconsistedof an Ionchmbr, en
SmpMfier, a contsolpanel,a batti~ cont~r, andan indicatinginter
uhich ~sented ratesfrom1 r/hrto 2,000r/hr. U of thesecompon-
ents,exoepttheinterand its cabling, mm containedIn a cylindrical
aluminumhousing3 inchesIn dl~ter and10 inchesin lengthwhichhsd . .
a flangeat th controlpanalformounting.

Tb ionchamberand s@ifler wre pottedtogethr In th ion-
chsmbsrassemhlymdubb The pottingcompoundvas an e~ry resin,~ch
gavean hexmmticsllyeesladunit. ‘lMunitpassed

3
stsforleakageat

’55~ and 0.1 PSI. & ion-chsmbsrVOIW was 85 c . Theapplied
sueegmutvoltagew appre~tely 7 vol~. ThisresultedIn nonsat-
urated opratlon and pmduoed a roughlylogarithmicIndicationon the
mtir. Call&atIon was obtdned by var@ng this voltagebetween6.3
end 8.8volts. Zen adjustintvas madebefozwuse (orctibratlon)by
adjus~nt of coarseandflm rheostatsIn thecathodecircuit,through
uhlchresistancesa voltagedropwas obtainedto aotuatithemeter.
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The battixy box ie ● e9pamta modulo fmm tb Ion damh.r 8888*
mduleandwaehatidi=tlm,d 0fth8tUbUl- alldnum hou8img

fertbst * - control panel. It eontid thmo BA-4~ --
42@ battiri-. Thee wre euffiotent to fumlsh ooatlnw- o~ratlon
for 200houxu.

202.3 Sigma-n RadlatlonIntigratfngIb@zmtmr. 3%0 Sigma-
w tullt ~ W Reeeamh DlmcWrate of A15Ws KiAlam3Mroxwk
(m), andWI baeedon ● sW- designueedby M M Soientiflo
kborutcry(LASL)for a maah-l~rrange Inntrumnt, mllod W
“Intigrork”Eighteenof ti8e unitewm Wt. * ionobemkerUhioh
vas usedma designedendbuKt by XRDL+& met 8pciflc&t$on8prepared
~ ~W. The informationI’hrr@hedby the lnatrument is tcti gama
dosage,vlthtuo rangas (25r end 100 rfull ecele)awaihbb byc~
ingen internalconnection. k Signutrcnawm usedb eaoheiqalam,
mountidjustbehindthepilot,vlth ● mMtQ nmtm for●aoh. Onemtar
w in t& photopanelanti* otherva8 in W pilot 1s e~nt. Tkm3
flint pmtotyp of thie inntzument taetid ●t W lnbgrabd total doeage
ulth en MOW-y of : 20 *roent at energies higher than ●but 125 km.
At 80 k8V tb &ss In responsevae Ox about25 Paroeat,Aooureoy*
biqmdent of ratoup to 2,000 r/hro

A Mock Wumm of theSUmatron is shownh FUore 2030 Tb la--.
strumnt opratsd aa followe: ‘The ion cheanher had ●-eaneitivlty

f 4

Control Zero-Bucking dc Ammeter-
Panel Current Indicotor

* &

r -
I
I — dc Amplifier
I

I

I
Signol Current

Gamma !
Radiation~ A Ion Chamber ylm Chamber Assembly Module

I
L S*--.-- ---- J

I

r - ----- ----- 1

IBatteries ‘
3-BA 1318/U !+- Battery Container Module

<

l- BA1328/U :

I
I
I

Battery I

Temperature , 28v dc A/C supply

L ----- ---- J

IY@,m 2.2 Blook diagramOf Biosoel
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x 10-6amp/rh snd insulationaf mn thanlo~ ohm. Theintegrating
capacitom (0.3 end 1.3 mlcmfarsds) had a tim constantof more than
3 dqa. Thesecapacitomwre In the electmmter clmult. The ioxi-
chdmr currentchargedvhlchevmrcapacitorwas b useso M to reduce
the gridpotintialof a CK5886electrcmmtirtubesad,hence,Increase
thepositiveplatevoltageof a CK526AXuqllftirtub. ‘f’h2sincxmsed
Pkti 70@o mulbd in m lnoreased cathode currant In this tube,
This increasedcathodecuzzwntraisedth cathodepotintlalsndcaused
a currentto flw in th microammterloop. It alsoxesul~d la negative
feedbackin tb Isqutto the CK5886,sinceit tendedto cancelout tb
voltageproducedby ctiglng tlm Integratingcapacitors. The negative
feedbackhad thebeneficialactionof effectivelymultiplyingthe capac-
ityof thecapicatorsvltho~tIncmssl.ngthe leakage;hence, the dynsmlc
rangeof theIn8tmumntuasexbnded vlthoutexc4e~ thestrslght-lln&
portionof the ~ versusIg characteristiccume of the CK5886.

The three~tmxmnts justdiscussed(P-htir, Biosce19sad
Sigmatron)all have a responsetlm of leaa than 1 secondfor 100 prcent
response.

ionization Chamber Electrometer dc Amplifier Meter Circuit

[
Feedback Circuit

Fi~ 2.3 Blockdiagramof Slgmatronradiation-inte~atlngdosimter.

2.2.4 Other Doslmteru. Th in~grated gsnma radiationdose during
cloud passaged on the mtuzn flightwas masumd by a nmber of stawi-
ami Intigratimgdoslmtars. Eachcrewxwmbr carried pencil-type dosim-
etex% and a &l-Safe fh ‘badge.Quarts-fibr dosinmters~re ~~d k
the cockpitto mcoti tlm totaldose ~ceivsd on the mission. The NBS
packs W= placedin lmth the pllottsand obsemerls compsrtmnts. The
NBS film paokawzw alsomuted in thenosecomp~nt forcomparison
of t.ko totaldose moeived in the nose with that nmeived b the cockpit.
This lattercomparisonwas necess~, bcause ti P-lMor uas mcuntidIn
t~ ~o~e c~nt ~s ~ *M* e~~n~ of ~ ot~r ~~n~
mm b tb cockpit.

W M/PDR-39 (TIB)la a standax@ Air F- ganma rate rmter and ma
used to followth decay rate in tb pllottsand obaemrts positions
af-r campletlonof tlM fllght. This study contixnmd for 1.2 hours. In-
formation concerningthisIx@rumnt canM obtalmd throughAlrFome
supplyChanmbo —

2.2.5 Intemelomtir. Th9 intimslormter, as its nana implies,
was a detice usedta aotuatithe caumra h tln photopmel at selectable
inte~sls. It was designedandIm41t~ tlm 4925th Teat Group (Atomic)
at KM’& Oneof ttmselns~nts, aLongulththe assooiatidphotopanel

17
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1

I

I

eodrd boxvaB munkl in .tihalrpb~ lb intamabmtar ua8 plaoed
intlmnoooeom~nt, andtlm control lxxwas looatidto b rightof
W p510to

lb aotuat~ 8i@da to W CWr8 wm fed tMou@ mior08VitOb8
aotuatad by tw sopu~ta a- drlmn by ● conmm motor. Thls -azw-
mnt -d tw ●paods~ flfast“ (Sppdmati

v
3 uignaU par smond)

- ‘s&v” (qmdmtaly 3 signals pr ** . ~~r e- ~ -~ct-
•dmamallybytb~tbymm ofastitoh ontbeonwlb~ TWO
uamra spoolsW- xwqulmd b orbr to ●conomim on film, pt obtain
rapid photographsIn tb radiatioaoloud. In addition,*m vaa m
thid poaitlonmarhd ‘autonvhioh aaatomatldly chaagad tb spad firn
‘slow” to “fast- tin tha amblantradiation●xoaodod● glmn lava19W-
ually oot botwen 2 ad IO rhro TM8 ~ of tlm aimuit $s daacribed
In W nort paragraph.

A dymmtor dri~n by tlm a@lana to ~-volt pwr supply -dad -
+150 yol~ de, Wch w Convamd to -~ wlta do ~ man6 Of s mLdti-

tibrator, ampMfiar, and flltir. This“700VQltsvaa eomotid to ground
th’oughaa Anton59~@-2 &igar+Mlar tub. and ● 1.2-gohm mslstor.
A 0.0001~cmfarad oondmoor eonnoo~d tb $motion of tbsa tvo alanunta
to tbo grid of a CK5U tub.and,Ln eon$xwtioa via t& raslstor, da-
tamlmd W qumch of tlmUga~r tub. h * *tioa f~~
Inemaaad,tln@lgarMullar tulmbmh dovnmm o~n, sandlagnegativa
pulsoathroughthaOondmam to ● CK5U tub. T&aa pubas am ampli-
ftid and inm-d in ● ●baaqmt Istaga and mm fad through tln coil of
● xwlsy. Ulmn tb qmtitlon rati lmoam SuffiClmtly great (at a rati
eo~vhat lowr than tb madIMRBalloued b7 tha quanoh o=t) , tb
MJwot wurmnt oompoxwntof * puUos beam ●f’fioiantto doss tha xv
lay, vhbh in turn oloaad a oocond rdq vhieh svitolmd * Intimal coa-
trol ~ WOWS to ‘fast. 9 Ubn tb radiation rata dbinlsbd suffto2-
●ntly, tb intaxwal oontrd xwo-d to ●slo# axtimatloally.

20206 Photopanal. lb mamra and photopazml looatad In th noas
of tb airoratt wra usedto photographtlmmtira fromt& Sigmatron
and Biosool,vhoaa aansiag●la~nta W- locatidla the aookpit. Also
installedIn tlm photopaml wxw ● obck, altbtm, aooaloromtir,and
ahped Indies-. tin oomlatid vith tha radiaoirmtmmnt zwadlnga,
*m gaw ● roaord of tinm la aloud,altitu& of pnatration, and sond$-
tionsof flightvlthintb aloud. Th photopazdalsocontainad● mall
marksrlight. Thisvaa eon*Uad by ● togglaavltohoa tha ghotqmel
oontrol k Us- th.lallghttlmpilotGouldmarkt~ film●t spoific
tbs, auohas aloudentq and .xLt.

Tb camra wed ma ● VoughtM-ma reeodhg canmraloadadulth 100 . .
foot of EastmanSpooialEmulo$on(SO W) flla. Z’hiafih ia not foggod
by g= &aoa of Wss than 51X)r. SultablaUghtlng van included to
- * ~~* U@t mxd for this SPOid film The Ughta and
thaoamra utlM~d thatiraftts 28-voltpowr supply.

2.3

tion

-. ..—

iZSOR~IOl? 0? RKQU~ DATA

In ordarto 8ati8fy thopuxpaes of this pmjoat, aoowata lnforma-
ves mqu3xed on W follovingparmtaro: (1) tim of pmtration

Is
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of tb radioactivecloud;(2)totalradiationdoseOn th fllght”(3)
re@stiondoseeccumulatadin trsnsit of th radioactivecloud;(4)
langthof tiaszwquiredto fly t&ough tb Uloudj (5) r~tlon do* ~-
cumulatedon the flightback to base dueto coataminatlonon - drcraft;
(6)~ doseratein theradioactivecloud;(7)doserab in tb cmw
compartawntimmediatelyafteretitfromtb cloudduato contamination
on the aircraft* (8)therateof dacay of thiscontadnation;ti (9)
conditionsof ~ight insidethe radioactivecloud,i.e..turtin~ -d
ichg.

All of thesedata,exceptthe last,Wm mcordad automatically
withthe instnummtationdescribedti %ction 2.2. m i~~ of ~o~
matlondesimsdfim eachflightand theInstnumntowhich-n usedto
providethemaresummarizedin Tabh 2.1 Mat of tb idormationwas
availabledixwctlytiomtheinstalledInstrumentation,vhileSO= addi-
tionalinformationwasobtainedby indizwct~thods u indicatidin Sec-
tions2.3.1 through 2.3*9e It shouldbe notidthatthesebdlxwct
=thods constituted,in everycase,a duplicatinmthodforobtaininga
checkon thes- dataobteimedby onaor IXm ~ct =asurenmnts.

In addition,thepilot(andobsemw *n
E

seat)madeObeenations
duringthefl.lghton the follouing parmmte~: 1 *nSiOM Of the
cloud at variousaltitudssprior b penetration;(2)tim sndaltitudeof
penetration;(3)t= of pnatrationj (4) lengthof tim in ‘b rmiio-
activecloud; (5)madnum doserati in the cloud”(6)dose rata in tha
cockpiton e~t fromtheclouddue tc contaminat~onon tlm -r-; (7)
accumulateddose in tb oockpitat tti of exit from the dti; and (8)
degreeof turbulenceand icingnotidd- paaaagethroughthe radio-
activecloud.

Tbse obsemations -m mqmrted to tlm flightdirectorin the air
I andwn transcribed&m the pilot~s snd&rectorfsno’~sda@ng the
, Post-fUghtde=iefing. Theseobservationsby thepilotdupllcatsti-

fomatioarecordedautomaticallyby theinstnxmntatioain W aircraft
in allcasesexcepticingconditionsin theCloud.

I

2.3.1 Total.RadiationDose. The totalradiationdoseuaa nmasured
directlyby the Sigmatrons,quartz-fiberdostitim, NBS filmpacks,and
kd~afe film b@ss. It vas also obtainedby integratingtha araa unbr
tb dose-rate-versus-timscurvesyieldedby tkm P-l%tirandtheBioscel
mountedin tb phOtOpSliISIO

2,3.2 Iength of Tb in Cloud. TIM pilotflashsd$& miwkerlight
I on the photopsndat thetireswhichhe consideredW be Ma en- and

exitfromthe cloud. Tk in th vlsihlacloudwasthencomputed~
observationof tlm clock in t~ photopaxmlpictunm. Tlnm in tlm radh-
tion cbxd was obtainedftmm the %&tar and Biosceldat~ Thesetw
instinta providedcurvesof dose rati as a functionof tire. For
Pwmaes of tM calculation.theent~ ande=t ueraconsidamdti be
~ho-& tirma ●t which the do~ rata vas” 5 gmrcentof
obsezvad.

2.3.3 RadiationDosein Cloud. The radiation
cloud ua9 ~amred by integrationof the areaunder
Bioscelcurvesbtwen cloudentry and cloudest.

the maximumrati

dose zwceivedin tho
th **tar and
~ S**n in the



Ii

@otQpSnSl -O gavea CidJWtindicationOf doseti the Chldo It n-
quind onlythattheamtirh observedin thoffi frarmsuhem the
marker llghtoccmd.

The W film packsgavu an indirect~a8am of the dose In the
ChAd. This was co=putedby subtnmtlng W returnflightdoSe which
was calculatedihm tlm TIB decq-ratem asummnts fromtkMtitaldose
imdicatedby theflb path.

2.3.4 Doseon Returnnight. The reiliationdoseon thereturn
flightwasmasured d-ctly by theP-Mstir,Bios~l, endSigma-u
In eachinstanceallthatvas necessarywas b subtmct tJMdosein tb
cloud from tlmfataldose. ~ diffe~ncevas * dosemceivud on *
xwturnflight.

TABLE2.1 SWY OF SUURCESOF REQUIREDDATA

5 ~
~ J 4w
x x x

x x

x x x

x x x

x x

x x x

x x

x

x

meived afterexit ftwm the cloud &d dw@ thexmtwn f~lghtW- by
e~apolation of thedec~rate curvanmsumd ~ W TIB afterthe
alroraftwason the groundback to cloud-efittim and Integrationof
the area under the curm ikom clouhucit t- b tlxm of landing.

2.3.5 Umdnmm DoseRate5SICloud. Tb ~ doserateIn the
cloudwas talmndirectlyIIWmtheP-Mter end BiOSOOlcurves. The pilot
also obsemed the maximumdose rata indicatidby the Bioscelmtir in

the cockpit.

2.3.6 kwN Dme RateinCloud. The a-rage do- ~~ ~ t~
cloudwas calculatedby dividingthedosem w lvedin thecloudby W
ttunin thecloud. Bothof theseWn?Iprovideddlmctly by theP+Wxm,



Bioscel , and Sigmstron.Sincethe doseIn theclouduas obtdned lndi-
nctly ftwntheNM filmpacks,tlxm am alsoan Indhwct sourcefor
theaveragedoseratela thecloud.

. 2.3 .7 Dose Rata at Cloud Mt. The doserateat cloudexitdueto
contaminationon the ai~raft was takendirectlyfmn the P-l%ter and
Bioscelcumes. It was alsoderivadby extrapolationof thedecay-rate

b CLUWOfhm theTIEdecayzrassummnts.‘

2.3.S DecayRate on Fatun Flight. The decayrati of the contsm-
Inatioraduringthe nturn flightwas obttied directlyfroa the P-h ter
curves. It was also obtsinedby extrapolationof thedecayratecum’s
fkomtheTIBmasummnts. .

2.3.9 ContaminationFactor. The contaminationfactoris expressed
in perwnt perminuteh thecloudsadis definedes:

Ike rate k cockpitat cloud exit
(Averagedoseratiin cloud)(Minutisin cloud)x ‘0

(2.1)

It is a ~asum of the degreeta vhich th.lstypeof -raft (B-57B)te-
CO=S contaminatedby fli@t tlmoughtb Chid as nflectedby tk!
radiationdoseratiIn the crewcomp-rmnt at%r exitfronthecloud.
It Is significantIn predictingthat portionof thetotalclosevhichL9
&rivud fmm contaminationon the -raft duringthe flightback to.
-. It la calculated directly fromdata-cordedby the P+Mar.

Tb contaminationfactorvas computed also using the doserateat
cloudexitas &rivad from T3.B masumnxmts endtheavaragedoserataIn. thecloudImdicatedby the~ film pcks.

204 METER DATASHEET

The largemass of data vss summarizedon a masterdata skeet. -
of thesesheetswas filledout for each penetrationflight. A typical
sheet is shownla Appdix A.

So~ additionaldata on radiationdose ratisin the cloudat tfis
la~r than 1 hour afterdestinationve~ obtainedthroughthe courbsy of - -
the Test AircraftUnit. Tbse data wra collectedduringthe cloud-
tlsmpMngOperatloxlsof this Unit.

● .
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I?ESUIXSMD DISCUSSION.
#

altardetmatio& TM bdicetidaltitudesof pmetratlonvwied gener
s4hIn 30,000featto 50,000feet,~~om prn~at~n~-~ at
20@O feet. %netiations-n -- througheloadsf%emland-surfu,
Uatar-stiaca~ andm detcnatiomo

Xaxhmzndoserates- highas $00 r/br usm encoantexwd in so- of
W euly pketrations, end 6everalflights@elded total radiationdoses
tithe enwof15r, a8==umd by filmbadges,end35ti@r, M
masumd ~ Smst~datlon ED= eensitivuto softgezmaradiation thaa

tb fu dos-tirs, On otbr fl@ts, th ~O~-W r~tion dose ~
msmmd by RaMde fihi bsdges w MI lou u ~ m. - dowe ~th-
orized ~ tlm Surgeoa Ceaerelof the Alr FomM and tb Commanderof
JointTask~oroe Sem for tb dmrewa on this pmj-t - N rs ~~ a
IJmitlng planning dosege of 25 r for w single penetratlo~No pene-
~tlons vem madein whichthe~ doseto ti expected,as mas-
umd by RaMefe filmbadges~WUM emeed 25 r.

The eqmimntal plan prwad to b eatisfaotory,anddatato aatio-
~ tbaobjecths of thisprojectwexwobtdxmd. Thedatam p~~entid
h TaMe 3.1 The sectionsvhichfotiu discusstheresultsas they
a~sr in thetabbo

The tbs of pnetratlon vuied M indiaatedalma. The firstPIIO-
trationon each shotwas throughthe stem of the cloud. Suc-ediag
pmhratlons ue- ●t highersltitudesthroughthe intemmiiatizcn8 be-
twen M stimandmushmom or throughth MU8hroom.Allpnetrationa
Mm 40,000feetwm consideredto be penetrationsof thestem. hn-
●trationsbetueen40,000and 45,000feet uere intanmiiaryIatwen tke
stemendmuahxwomo
* mushroomof *

—.

3.2 IiWTH OF TINE

Rmetrations * 4S ,000 feetuem In generalthrough
Cloude .—

INTHERADIOJ!GTIVECWUI)

Tb lengthof t- in thecloudnco-d in Tabla3.1 zwpmsents
-thaperiodof tb fin tkammmt theradiationIntanaityreacheda
mlw of 5 peroentof th mdmum intensitynotedin theclouduntil

22
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tJM$ntenSitysubeaqumtiydiminishedto this5 percent value. In
pm-tlom of the stem or mushroom,thistisncorrespti closelyto
tkat- 3.n tha viBibla cloudrepo~d by thepilot~ Hmm=r, in Pn-
●-tiOM @t blow the altitudeOf the muBbrOOM, th bngth Of tb
in W rsdiatlon field uas usually longer thanthatin the tisibb
cloud by a factor comparable to the tlxm tb plane me bans athtb OmF
hanging mBhroom but WSB not In #s visible cloud. TIM la@h Of t-
in theradiationfield ia used b Tshle3.1,sincethe~nsions of the
radiationfield - of ~atar Interestk thisreportthant~ dissn-
OiOIIB Of the yisiti CIOUde m th requiredto P-AS thrx:h tb
radiationcloudvsr~d froa1 minuti forstempanstrationsb about~
minutesfor themushroo~penetrationsof thecloudsfYomtkehi@sr-
@Bld detonations.Mom-detailedinformation on cloudsize as a fucctlon
of tim after detinatlon,yieldof detonation,andaltitudearepmseatad
in a latersectionof this mpoti.

The maximumand averaguradiationdose rates=corded for each
panetratioaby the variousinetmmanti previouslydescribedam givan
in Tahla3.1. TM maxhza dose rata noorded on each fldght through tb
cloud was about tulce ths average dose rate recordedforthe totclpr-
iedin the cloud by Ikesamsins-nte Ths a-rage dossratis~ ~S
ckwd recordedby theP_}&tarandBioscelweregenerallyDO percentand
15 pment. res~cti~ly, U9= thm thatb~-d by ffi dos~%~
Thisb d= to the sensitivityof thiselectronicLnstintation to
lcnmmmgy gamma radiation b vhich tb filmIs onlydnindly respon-
#iva● SincefilmdoBixatryia moretidely~cepted as an indicatorcf
uhola-bdy rsdiatlondosage,the fti datauem usedto glvadose:ates
or dosagesin allf-s andtablespresentedin thisreport,unless
OthBti specified.

A Mther studyuiJlte madeta detmnlmetheexactXWpmse of ths
variousInstxzaranteto variousenergiesof gszmaradiationb cozwi-
son to the response of the film to the B- energies. Mtdled msdti
of this study uill be includedin tJMfinal(UT)reportfor this project,

Appendix B shoua a typicalplotof W doseratisin th cloudre-
uoxdedby the Phter snd Bioscd, togetlxsrwith datawhich wane er
trscted themfkom for ~sentation in Table3010

Tharadiatloadoserates obsamd in W cloud wzw a functionof
thmo pimary factors: (1)thenatm of the*ld of tb detoution,
i.e.,the ratioof tlm fission@eld to thetitslyield”(2)the
altitudeat uhichthepenetrationIs madevtthrespct L tts pcsltion

or height of themushrocm;and (3) the lengtihof tiraafter datimtim
at uhlch tb penetrationIs made.

3.3.1 Radiation Doss Ratas b theCloudversusNat- of tha
Yield. Sincefissloayieldis theprirarycontributor to redloactlvity
WValWuZ In the cloud. it is to be erected that tb doserata~noted
‘inthe dud vouldb proportional to tie ratioof thefission@sld b
tlm total *U. Thus, K two separah3 detonationsof essantWy tka
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3.4 RADurm? DcmS

TlmtotalgammaTadiationdosereceivedon a pmatratlonflight cm

b brobn down into tuo p%s : the dose receivedin tlm cloudand the
dossre~ivad on the rutum fltght. ~ ~t~ fWht d- for t~
B-57Bvss foundto bs appcud.matily25 pm-t of th ~t~ doseW;%n
* ~t~~ flightw Of 8b0ut50 tiut8s d~tti~. Section2.3 Of this
H$POrt0-s theVUiO”titiCt and izdrectmthods usedb m~ure
tkadosagerecelmd by theCZWV,bothia theclod andon themtum
flight.Ihtacollec&dby thesevario-usmt!mds Is psentad in
TAME 3.1.

TIJBmsxlmumtotal dose received by any cxw =mber duringa pene-
tration flJghtassocia+~dvith thisprojectwas approximately16 r, as
mawred by filmdosixetry~Dosesso highas 40 r wna =cotied by
Instmnts moresensitiveto softgama radiatioa than tllm dostit.=y.
It is significant to noti thatthehighestradiationdoses~ceived do
not comspmd to theecmliestpenetration=● T&Jdosemwived in the
clod is a functionof the average dose rati In tb aloudandthet$na
spentin theCloud, For each shot the f-t ~netration usuallywas
made at tba lowest altituds,and aucceedlngpenetra$ion3USI19made at
higher slt~tdes.

Thb plan was followedso that in the event turbulencewasen-
countered,it couldbe txhratedbetterat theloweraltitude.Thus
theearliestpenetrationsuan madethroughthestemof thecloud.
Sincethedoseratain thestemwas lowr thanthedoseratein the
mushmom at thesum tti afterdetonationandsincethedismstarof
the stim was a thlmito a halfof thatof themushmom,Louerdosages
uem receivedby thecxwusvho madetb earlierPenetratlorsof the
stemof thecloudthanby thosecrewswhomadelaterpenetrationsof
themushroom.This w~_~@efor @_~hOks. .~. ._.—

—-

3.6 cm~m FACTOR

Tb contaminationfaotor was deflmd and diseased in

I.—— —---

-.
--

Seotion
2,3.9. Values givm In ~ablk 3.2- fmm computations A usiag eaoh__— -—.
‘of the ~thods of‘calculationsvhlohuere &scx-ibeG l!beaveragaeoa-
tamhation factur for B-57B alroraft@ 0.6~ 0.2pement perminuti●
Both mthods of caldatlon gavealmuttbamm value. V%th● eontar
$nationfaotorof thisQtude, ● -turn to basefltghtof several
hoursdurationor en eirly

nsult in e radiationdoseb
about25 pmcent of thetotal

Tk Conta!nbation f“-tor

pmdxation of a radioactim oloud wuld

the O~W, d- tb ZWtm fii@t, Of

dose.

for any particulartype of *raft Is a
functionof thedistancebs-en ttacreuconparbnt and ths residual
conk2ination on the aimrmo h general, the enginesarethemost-
hlghlycontaminatedportionof the -raft after fltgbtthrougha radio-
activeOloud. fio~ect2,8 of @ration ~~ ~~~d contxt~n
factirson several differenttypesof aircrdt endconcludedtkacontam-
inationfactirto be higherfor thosealrcrtiuhem tkacnu com~-
mnt wasc20seto theengineor exs.
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Not U of the instnxmntationinstalledin theaircraftopera~d
satisfactorllyon eve= flight. Howvsr, in no casedidan -raft
penetratetb cloudwithoutsuffIcientInstnanm?tntationftmction.lngpro-

~rly to providethe=cessary data to satis~ the objectivesof this
pm~ect. Film rmthodsWn 100 percentsuccessfulh n8asurimgthe
totaldose ncelved by W slrc=v on the Misslono - @O~-1 f~c-

tionedon everypenetration,withgoodpicturesrwsultingfromeachin-
stmmntg on one penetrationtb pilotsettlmcamra speedon the
‘slow”position,resultingin one pictureevery20 seconds while In the
cloud~instiadof the des~d rate of threepicturespr second.

The automaticmcordAng instrumentswm designedto masure rsdia-
tionratesup ta 2,000r/lzo On ~netrationswhxw th doseratesuexw
quitelow, continuousdata wxw not obt-d on the nturn flight. In
thesecasesthe totalmissiondose w shays bSS than 2 r. ti p-
Mstir failedto ~ction on only two of th fMghta. Thus sat-f=tory “
o-ration of this instrumnt was obtainedin mn than 90 psx%entof the
flights. On tti two occasionsuhe~ the P_l%terfailedto function,the
faultwas in the mthod of installationand not in th Instrumnt itself.

Som troublewas e~rienced withtb BtoscelendSigmatXWn.Both
of theseinstznnnmtswerebatteq pouemd~ tin Wti mqwnt ctic~
of thebatteryvoltages,satisfactory~rformsx@ w ob~d only
about75 pment of tlmt-. Z%rodrfd?tWssespcisXLytroublesorm
in theBiosoel,leadingto por msulte at lowdoseratis. TheSigaa-
tmn was&signed h nwunuvsup h 25 z on W lowrange. Totaldosages
smallerthen1 r wm not rdlahly hdlcatedby thisinstrumnt.

Filmxzsasurexmnts wm eonsidexd to be sccumti to ~ 10 prcent.
Measummmts madewiththe TIBuen consideredaccurab t4~ 20 percent.
The P-htir, Bi~scel,andSigmatmn wm considexwdto givesn accuracy
of t 20 percent.As mmtioned in Section3.3, th *Mter gave read-
ings abouta factorof two higher than fIlm devices. Greatirsensitiv-
ity end xwsponseof the P-143t4rto gems radiationof lowe~rgies
appears‘a b the reason for thisdisczwpsncyoOn the average,the
BioscelandSigmatronread15 ~rcent and25 pement higher respectively
thandid the filmdosimters.

TheflightinstrumnteInstalledin thephotopanelfunctionedpro-
perlyon eachflight. IndicatedaltitudesW= consideredto be correct
to ~ 500feet. Tiresof penetration-m accurateb them-st minute.

The acceleromtirtitalled in th photopenelvas notconsidend
to be msliablein givingindicationsof turbulenceIn flight. The-
hum andminimumneedlesvibratedto thelimitof theirmovermnton
takeoff.Photographicncozds wn avdlableof thexm3terfluctuatIons
uitMn thecloudbutcouldnot b comlatid withth verbalxw.portsof
the pilotsconcerningconditionsof flightwithin the cloud.
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4.1 C~CmSIOIJS

Twnty-savenpenetrations
multlmgaton-~eld detonations
tides at%r detonationend at altiti~s rangingfrom m ~~ tO W #QQ
feet. Sixteenof tbse psnetratlonsWm esrlierthan 45 mhutes af%r
detonation,andsevenWm esrlierthan30 minJtes. Allpenetrations
madeeerlierthan45 minutesUSN bmw-throughs b whichthe drcrdt
completelytraversedthecloudiYomone sideto theotherat thepen-
etratingaltitude.Rnetratlonswn madethroughcloudsih’omsir,land-
surface,endvate~surfacedsto~tio.m. Msxlmamdoseratesas highas
800 rb wm encounteredin someof theemly penetrations,endsev-
eralflightsyieldedtotalradiationdosesto thecmv of 15 r (IXWM-
ured by fih bdges) SJX335 to 40 r (~asuxwd by instnxwntationmore
sensltiw h softradiation).

Datacollec~d on theseflightsand in conjunctionvithpast
studiesof conditionsprevailingvithincloads~m nuclser detonations
warranta numbr of conclusionsxwgtilngthe fe-ibilityOf flying
throughsuchcloudsat nlativelyearlytiresaf@r detonation:

‘h aversgeandmaximume~rnal gsmma-radiatioadoseratisin the
mushmom of the clod ftwanucleardetonations~ dependentoa the
penetrationtinm and the fissiozvto-total-yieldratio o: the detonation
and - Independentof the @eld of the detimt$ono k a~r~ r~a-
tioa dose rate b the mshroom of tb cloudfrom a 100-pement-fission-
yield detonationss a functionof tinsmm 3 to 80 minutisafterdeti-
natlonis givenby tti equation:

(Al)

IlnY!)re:5 = Average dose rate, r/hr.
t = Tins afterdetonation,minutes.

This average dose rate~ ~, may vsry by as much as a factorof tw> for
any givenpmetratione

Beyond1 hourafterdetonatlcm,when themshrooa hgins to te dis-
prsed by thevimds,a more-rapiddecqyof tb radiationdoseratiin
the cloudis notedin vhichthe slops~ la as mat as -3 or ‘A

The radiationdoserateh th stembenaath”the mushroom of
clouds from watersurfaceor airdetonationsis less by a factorof
fiveto ten thenin themuslmom itseu.
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In cloudsfrondetonationsin uhlchthe fissionfieldis less than
100 psrcentof the totalyield.the radiationd~serate is =duced by a
factor proportionalti.the ratioof the fissionyieldto the total yie~.

ti accuwla+adradiationdosethatonemmives in trmslt through
tb clod is a functioaof tvoprimarYf~tors: (1)LhertiationdOse
ratiIn tlmscloud(~latedto tlm afterdetonation,to theratioof the
fission@eld to thetotslyield,andto the~fiion of thSCloudthrough
vhichtransitls mde, i.e.,stimor mushroom;end (2)t~ ~@h of t~
spnt vithinthecloudas detendnedby thespeedof the&craft and
thehorizontaldhns ion of the cloudat the altitudeof Pnetrstion.
The di~ters of thestemandrrrishraaminc~~e somwhatvithgreater
yields.

Consi~eringall thesefactors,tvo generalizations,s’lbstantiated
b~ tk penetrationsactuallyfloat may be aade: (1)with the tropo-
pauseat 55,000feet,onsq flj’tmo”~h t~ clo’Jdfro~~Y *M for
a 1OO-Prcent-fissionw apn in a high-~rfozmancedxcr<t at an slti-
tudeof 45,000 feet at 20 mimbs sfterdetonatim foran e-c tedra-
diationdoseof 25 r; (2) with the S- hekht tropwa~es OM UY flY
tkro’~hthe clo”ti(stia)from aay 1OO-Prc$nt-fissionw apcmat ~ ,COO
featas earlyas 10 mlnibs after detonation for a radiationdase of
the Sam magmitude● .

Ho&rate to severebumpy turbulencew encounteredim oaeof the
cloudspmetratid at t-s of 22 to 40 minutesafterdetonation.Slight
to no turbulencewss encounte~d in the othercloudspmetra~d during
a similartim range. Turbulencewas not a problemin eny of thesepen-
etrations.and it vu conside~dnotllicdyto ta a serious problem in
a psrntrationas earlyas 10 minutes after-detonation. -

Icingussencountezwdin so= of the penetrations,but causedno
clifficulty, exceptin the csse of tvo aixwraftpenetratinga cloudfram
a vatarsurface detonationat the msxlmumaltitudeof 50,000feet. This
icingforcedthe pflotsof theseaimraft to reducepover on the jet
enginesin orderto avoid overheating.

The contaminationfactoron the B-5’7Baircraft,as defkd krein,
averaged0.6t 0.2pwwnt pr minutein penetrationsof cloudsfrom
sir,land-surface,endwater-surfacedetonations.‘hisf=tor enabks
oneto estimatethatportionof thetotaldosereceivedvhichis accrued
durringtb flightbackto baseafter extt fro= the radioactivecloud.
In th penetrationsmade for thisproject,the rstum flighttook abut
50 tiutm, and the come-ho= dose averaged about 15 pment of t~ - -
btal. On retuxmfllghtsof 2 to 3 hoursdurationin thisaircraftthe
corrhom dosevouldta no morethan25 prcent of the totaldose for
earlyp~trations of tke cloud. . .

d.2 MCoMltS!lD.4!fIoxS

Them am no ncomrmndatlonsat thistti.
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. 6. &dahI, Iio Do” Calculatio- at ths Hazad Iuvolved In P*SW
through s Radioaotiva C~ud Resultlmg ihm a hdnal Atmic Bomb-
QuaA4rly Progress Ibport No. 1, Ootobr 195X USAFRadiationLalorata
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